Introduction
Healthcare Associated Infections (HAI) constitute an important problem in neonatal units and are associated to higher morbidity, mortality and duration of hospitalization of newborns. [1] [2] [3] Rates of infection reported in international studies range from 0.1% in newborns at term to 20% in premature infants, and are inversely related to birth weight. 4, 5 In Brazil, higher rates are observed -they can reach 69.3% -and infection affects mainly infants weighing less than 1000 g. [6] [7] [8] The incidence density (ID) also varies with birth weight, from approximately 12% per 1000 patient-days in newborns weighing more than 2500 g, to 51.9% per 1000 patient-days in those with less than 1000 g. [7] [8] [9] There are several risk factors associated with nosocomial infections in neonatal units, such as prematurity, mechanical ventilation (MV) and central venous catheter (CVC), length of stay in the unit, as well as parenteral nutrition (PN), antibiotics, and malformations. 2, 6, 10, 11 Surgical procedures determine surveillance of wound infection and surveillance recommendations to investigate this event. [12] [13] [14] But risk factors for laboratory-confirmed bloodstream infection (LCBI) in surgical neonates are scarce nationally and internationally. In a previous study at the same Neonatal Unit for Progressive Care (NUPC) where this study was conducted, surgery, MV, and CVC were identified as independent risk factors for LCBI. 15 The aim of this study was to identify risk factors for LCBI in neonates undergoing surgical procedures at a NUPC in a referral hospital.
Patients and methods
The NUPC at Hospital das Clínicas of Universidade Federal de Minas Gerais is a tertiary referral center for assistance of patients with diverse clinical conditions, including high-risk newborns. This case-control study was conducted from January 2008 to May 2011.
Case definition
Newborns (NB) who underwent surgery and presented the first episode of LCBI, defined by the reporting criteria of infection in infants under one year -according to the National Agency for Sanitary Surveillance (Agência Nacional de Vigilância Sanitária -ANVISA), 12 -after the procedure, were the subject of this study. Only the first episode of LCBI was considered; therefore, patients were included only once.
Criteria for notification of infection attributed to commensal microorganisms (e.g. coagulase-negative Staphylococcus) were not included, due to the necessity of isolation in two samples of blood culture associated with clinical signs. 12, 13 
Control definition
Controls were newborns who underwent surgical procedures without any signs or symptoms of sepsis or any notification of LCBI in the post-operative period. Two controls per case matched for weight were selected.
Data collection
The information was obtained from the database of the Hospital Infection Control Committee (HICC) and patient records. Variables included were: type of surgery, birth weight divided by age, prematurity (gestational age less than 37 weeks), presence of malformations, use of invasive devices (CVC and MV), use of non-invasive ventilation (NIV), use of continuous positive airway pressure (CPAP), chest drain, use of PN, and prior antibiotic use (ATM). In addition, surgical fasting and fasting duration, mortality, time (in days) with CVC, MV, NIV in CPAP, chest tube, PN, ATM and number of ATM regimens were also evaluated.
Statistical analysis
The software used for analysis was the Statistical Package for Social Sciences (SPSS), version 13.0. The distribution of patients by birth weight (used for matching) and type of surgery was considered only in the descriptive analysis. For the comparative analysis between groups (case vs. control), 2 
Results
During the study period, 1141 patients were admitted to NUPC, with 22,598 patient-days. A total of 582 HAI were reported with an ID of 25.75/1000 patient-days. From these infections, 126 were LCBI with ID HAI of 5.58/1000 patient-days (Table 1) . Among high-risk patients admitted in the period, we identified 21 cases of surgical patients with notification of LCBI, who were matched to 42 neonates undergoing surgical procedures, but without LCBI. Birth weight distribution of cases and controls is shown in Table 2 , with higher frequency of patients in the weight range 1501-2500 g (41.27%), followed by patients weighing between 751 and 1000 g (22.22%).
Preterm infants undergoing surgery had 3.75 greater chance of LCBI than term babies. Although statistical analisis presented p = 0,048 for NIV, it was not significant considering that 95% CI included 1 (Table 3) . For continuous variables, statistically significant difference was observed for MV duration (greater in cases), duration of NIV (greater in controls), and PN duration (greater in cases) ( Table 4) .
Variables included in the multivariate logistic regression model were prematurity (yes or no), duration of MV, NIV, and PN (number of days). The model increased the predictive value of 66.7-84.1%, correctly identifying 13 of the 21 cases of LCBI (61.9%) and 40 of 42 controls (95.2%). Length of PN was the only risk factor that remained independently associated with LCBI (p = 0.041). Each day on PN increased by 9% (95% CI OR: 1.00-1.17) the probability of LCBI. Although not statistically significant, duration of NIV tended to be a protective factor (p = 0.071), as each day on NIV was associated with a decrease in the probability of LCBI by 29% (95% CI OR: 0.49-1.03). Prematurity and time on MV were not independently associated with LCBI in the final model (p = 0.29 and p = 0.22, respectively) ( Table 5) .
Discussion
In neonates undergoing surgery, prematurity, duration of MV and PN use were identified as risk factors for progression to LCBI, but only duration of PN use has remained independently associated (p = 0.041) in the multivariate analysis. Many reports in international 10, [16] [17] [18] and national 2, 6 literature define these variables as predictors of sepsis. However, none of the studies were designed to assess risk factors for LCBI in newborns who underwent surgical procedures.
In a previous study 15 surgical procedure itself was found to be an independent risk factor for LCBI in newborns. Mokaddas et al. 19 evaluated patients with suspected sepsis in a Pediatric Surgical Unit and 2.3% of them had LCBI. Of all surgical pediatric patients, 82% had congenital abnormalities and 87% required surgical interventions. Bhattacharyya et al. 20 identified a 6.2% rate of infection reported among surgical patients evaluated, although the authors have not included infections other than LCBI. Higher prevalence of infection in these children was associated to nutritional status (p < 0.0001) and several surgical interventions (p < 0.0001). Besides, the studies were conducted in the Pediatric Intensive Care Unit and was not restricted to newborns. Nonetheless, neonates were at increased risk of sepsis when compared to other children (4.2% <0.05).
It should be considered that patients who undergo surgical procedures are vulnerable to complications (such as extubation failure and diet intolerance) and they need prolonged PN, as identified in the present study as risk factor for LCBI. They also have longer length of stay in the Neonatal Intensive Care Unit with frequent use invasive devices, such as MV, associated with LCBI in univariate analysis.
Zakariya et al. 21 studied only infants who developed LCBI and also identified MV as a risk factor in the logistic regression model with an OR = 3.59 (CI 95% = 1.16-11.07). However, the authors included all neonates, not only those undergoing surgery.
A study by Su et al. 18 included only neonates and identified a higher proportion of nosocomial infection in patients undergoing surgical procedures (13% compared to 6.9%; p < 0001). In multivariate analysis, MV and PN remained independently associated with infection, increasing the risk by 21% and 30%, respectively.
Another study in the same city conducted in a private Neonatal Intensive Care Unit, 2 which included not only newborns undergoing surgery, also demonstrated that invasive devices were associated with HAI in this population. In multivariate analysis, the use and length of MV was also associated with BSI not associated with CVC. Other risk factors for sepsis in newborns described in the literature -such as prematurity, congenital anomalies, length of antibiotic therapy, and use of CVC 2,10,17,18 did not turn out to be associated with LCBI in this study, although prematurity was significantly associated in univariate analysis and preterm infants presented 3.75 greater chance of LCBI when undergoing surgery. It is known that prematurity is directly related to higher rates of sepsis, but most studies focus on birth weight, which is inversely associated to infection. 1,2,10,18 LCBI rates of 50% were observed in newborns under 750 g, 4 as well as ID of 37 per 1000 patientdays. 15 Stoll et al. 22 studied extreme preterm infants according to gestational age and also found high mortality in these patients, in addition to rates of infection of 33-38%. Auriti et al. 23 also identified different risk factors for newborns classified as very low birth weight (VLBW), considering cumulative probability of having infection more prevalent in this group. Risk factors included gestational age < 28 weeks and CPAP use.
Invasive procedures were associated with higher risk as their duration increased, with the highest risk associated with MV for seven days or more (RR: 3.82; 95% CI 2.83-5.17). These authors also reported as risk factors for infection the use of PN (OR: 8.1; 95% CI 3.2-20.5) and malformations (OR: 2.1; 95% CI 1.5-3.5), especially for heavier newborns, which is confounded by the need for surgical procedures.
In the present study infection was not associated with CPAP. However, the use of NIV might have been a protective factor for LCBI (1 case compared to 11 controls), reducing the chance of LCBI by 86%. Although OR was 0.14, the 95% CI ranged from 0.017 to 1.18. Other studies have shown reduced 16 and 69.3%. 1-10,21,27-30 Despite most of the referred studies having not used index by patient-days, their results are in line with the overall density of infections found in this study -25.75 per 1000 patient-days. However, when considering only LCBI, the ID was 5.58/1000 patient-days, which may raise the issue of notification for clinically suspected sepsis, which is no longer recommended by the NHSN criteria. 13 The limitation of this study was the small number of patients and the difficulty of matching newborns who did not undergo surgical procedures: hospitalization and weight range were not considered, only patients undergoing surgery without LCBI during the study period. However, there are few studies in the literature that were carried on in neonatal units with patients undergoing surgical procedures and they did not include only patients with LCBI as case.
Due to the lack of specific signs and symptoms of neonatal sepsis, so that other diagnoses could be ruled out, we have chosen to include only neonates with LCBI, considering that adequate blood cultures are not always obtained, owing to technical difficulties of collecting samples in infants. The exclusion of patients with sepsis caused by commensal microorganisms can create a selection bias, underestimating the number of cases, since most studies 6-9 report coagulase negative Staphylococcus as the main agent of neonatal sepsis. However, the goal of this study was to increase the specificity of diagnosis and avoid inclusion of cases diagnosed by only one blood culture of these agents.
When possible, shortening the time on parenteral nutrition with progression of enteral diet and preference for noninvasive ventilation in neonates undergoing surgery admitted to the Intensive Care Unit should be considered in the care of these patients, with the goal of reducing HAI, especially LCBI.
